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(54) VEHICLE CONTROL METHOD AND VEHICLE CONTROL DEVICE

(57) By the vehicle control method, in a vehicle pro-
vided with a wheel, a sensor that acquires rotation speed
of the wheel, and a sound generation device that gener-
ates sound as the sound generation device is driven, the
angular acceleration of wheel is obtained from the rota-
tion speed acquired by a sensor, and a sound generation
device is controlled such that the generated sound be-
comes louder when conditions are met. Cases in which
the angular acceleration is high are included in the con-
ditions.
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Description

Technical Field

[0001] The present invention relates to a vehicle con-
trol method and a vehicle control device.

Background Art

[0002] JP 2018-538558A discloses an active road
noise control system that uses the acceleration detected
by an acceleration sensor coupled to a body side of a
vehicle with respect to a suspension device disposed be-
tween the vehicle body and a wheel, thereby generating
a noise reduction sound to reduce noise in the vehicle
body.

Summary of the Invention

[0003] According to the technology disclosed in JP
2018-538558A, the acceleration sensor that detects the
vehicle state is positioned on the vehicle body side above
the suspension provided between a wheel and the vehi-
cle body. However, noise that is generated in the vehicle
as a result of travel is mainly road noise that is generated
between the wheels and the ground contact surface.
Therefore, because noise is absorbed by the suspension,
there is the problem that the source of the noise cannot
be directly observed, and thus cannot be appropriately
controlled.
[0004] According to the vehicle control method of the
present invention, in a vehicle comprising a wheel, a sen-
sor that acquires the rotation speed of the wheel, and a
sound generation device that generates sound when
driven, the angular acceleration of the wheel is deter-
mined from the rotational speed acquired by the sensor,
and the sound generation device is controlled such that
the generated sound becomes louder if conditions are
met. The conditions include high angular acceleration.

Brief Description of the Drawings

[0005]

Figure 1 is a block diagram illustrating the configu-
ration of a vehicle according to a first embodiment.
Figure 2 is a flowchart illustrating the control of a
sound generation device.
Figure 3 is a timing chart showing temporal changes
in vehicle states.
Figure 4 is a flowchart illustrating the control of an
engine according to a second embodiment.
Figure 5 is a flowchart illustrating the control of an
engine according to a third embodiment.
Figure 6 is a diagram illustrating the operating re-
gions of an engine.
Figure 7 is a timing chart illustrating the operating
states of an engine.

Figure 8 is a flowchart illustrating the control of an
engine according to a fourth embodiment.
Figure 9 is a time chart illustrating the operating
states of an engine.
Figure 10 is a flowchart illustrating the control of an
engine according to a comparative example.
Figure 11 is a time chart illustrating the operating
states of an engine according to a comparative ex-
ample.
Figure 12 is a flowchart illustrating part of the control
of an engine according to a fifth embodiment.
Figure 13 is a flowchart illustrating part of the control
of an engine.
Figure 14 is a graph showing the relationship be-
tween vehicle speed and a variance threshold.
Figure 15 is a graph showing the correction of the
variance threshold.
Figure 16 is a flowchart illustrating the control of an
engine according to a sixth embodiment.
Figure 17 is a table showing correction coefficients
used to correct the variance threshold.
Figure 18 is a block diagram illustrating the config-
uration of a vehicle according to a seventh embodi-
ment.
Figure 19 is a flowchart illustrating the control of an
engine according to an eighth embodiment.

Embodiments for Implementing the Invention

[0006] Embodiments of the present invention will be
described below with reference to the drawings.

(First Embodiment)

[0007] Figure 1 is a block diagram illustrating the con-
figuration of a vehicle according to the first embodiment
of the present invention.
[0008] As shown in Figure 1, a vehicle 100 comprises
an engine (internal combustion engine) 1, a generator 2,
a battery 3, an electric motor 4, a gear 5, an axle 6, and
wheels 7. In addition, the vehicle 100 is a series type
hybrid vehicle that uses the power of the engine 1 to
generate power with the generator 2, stores the gener-
ated power in the battery 3, and rotates the motor 4 with
the electrical power stored in the battery 3, thereby driving
the wheels 7. Accordingly, the power of the engine 1 is
used, not for causing the vehicle 100 to travel, but for
causing the generator 2 to generate power.
[0009] The engine 1 is mechanically connected to the
generator 2 via a speed reducer (not shown), and the
generator 2 is connected to the battery 3 so as to be able
to send and receive power. In such a configuration, the
driving force of the engine 1 is transmitted to the gener-
ator 2, the generator 2 generates electrical power by
means of the driving force of the engine 1, and the elec-
trical power generated by the generator 2 is used to
charge the battery 3. The electrical power of the battery
3 is supplied to the motor 4, and the motor 4 is rotationally
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driven by means of the electrical power from the battery 3.
[0010] The motor 4 is mechanically connected to the
axle 6 via the gear 5, and the axle 6 is mechanically con-
nected to the wheels 7. The driving force of the motor 4
is transmitted to the wheels 7 via the gear 5 and the axle
6. The wheels 7 are driven to rotate by means of the
driving force from the motor 4, thereby powering the ve-
hicle 100.
[0011] The vehicle 100 comprises a controller 8 that
controls the entire vehicle 100. The controller 8 is con-
figured to be capable of executing a prescribed program
with a microcomputer equipped with a central processing
unit (CPU), read-only memory (ROM), random-access
memory (RAM), and an input/output interface (I/O inter-
face). The controller 8 may also be composed of a plu-
rality of microcomputers.
[0012] In addition, the vehicle 100 further comprises a
brake hydraulic pressure sensor 9 that detects the brak-
ing force and an accelerator position sensor 10 that de-
tects the accelerator opening degree. The brake hydrau-
lic pressure sensor 9 and the accelerator position sensor
10 are electrically connected to the controller 8, which
receives the detection result from each sensor.
[0013] The controller 8 generates a torque command
value in accordance with the inputs from the brake hy-
draulic pressure sensor 9 and the accelerator position
sensor 10 and drives the motor 4 in accordance with the
torque command value. In addition, the controller 8 is
configured to be capable of detecting the remaining
charge on the battery 3, and is configured to be capable
of controlling the engine 1, the generator 2, and the like,
in accordance with the remaining charge on the battery
3 (SOC: State of Charge).
[0014] Additionally, the vehicle 100 is provided with a
wheel speed sensor 11 that measures the rotation speed
of the wheels 7 in the vicinity of the wheels 7 on the side
of the wheels 7 below the suspension, as well as a sound
generation device 12 that generates sound as it is driven.
An air conditioner 121 that controls the temperature of
the vehicle cabin and in which noise is generated, and a
fan 122 in which rotation noise is generated when the
fan cools high-current system, are examples of the sound
generation device 12 that generates noise as the device
is driven. The engine 1 is also an example of the sound
generation device 12 in which noise is generated in ac-
cordance with the rotary driving thereof.
[0015] Then, in addition to controlling the sound gen-
eration device 12 based on a prescribed set of conditions,
the controller 8 controls the sound generation device 12
so as to change the volume of the generated noise in
accordance with the angular velocity (rotation speed) of
the wheels 7 input from the wheel speed sensor 11, as
described further below. Because it can be determined
that noise caused by vehicle travel is loud when the var-
iation in the angular acceleration obtained by differenti-
ating the angular velocity is high, the controller 8 increas-
es the drive level of the sound generation device 12.
When such control is carried out, if the sound generation

device 12 is a device that generates noise, the driver is
less likely to notice the noise generated by the sound
generation device 12 because the noise caused by ve-
hicle travel is loud. As a result, it is possible to increase
the drive level of the sound generation device 12 without
impairing driver comfort. In the case that the sound gen-
eration device 12 is a device that generates notification
sounds, when noise caused by vehicle travel is loud, the
notification sound can appropriately alert the driver, and
the like, by increasing the volume of the notification sound
generated by the sound generation device 12. An exam-
ple in which the sound generation device 12 is a device
that generates noise will be described below.
[0016] Figure 2 is a flowchart illustrating a method for
controlling the sound generation device 12 as carried out
by the controller 8. The controller 8 controls the sound
generation device 12 under a prescribed set of condi-
tions, and additionally controls the sound generation de-
vice 12 even when the condition shown in the flowchart
shown in Figure 2 is satisfied.
[0017] In Step S1, the controller 8 acquires angular
velocity w of the wheels 7 detected by the wheel speed
sensor 11.
[0018] In Step S2, the controller 8 differentiates the
angular velocity w of the wheels 7 acquired in Step S1,
thereby acquiring angular acceleration A of the wheels 7.
[0019] In Step S3, the controller 8 obtains the variation
in the angular acceleration A acquired in Step S2. For
example, the controller 8 samples the angular accelera-
tion A, and obtains its variance, standard deviation, root-
mean-square, the difference between the maximum and
minimum values (amplitude) during a prescribed period,
the number of times that the angular acceleration entered
a prescribed range during a prescribed period, and the
like, as the variation corresponding to the fluctuations of
the angular acceleration A.
[0020] In Step S4, the controller 8 determines whether
the variation in the angular acceleration A obtained in
Step S3 satisfies a prescribed stability criterion. For ex-
ample, if the amplitude falls below an amplitude threshold
corresponding to the stability criterion, if the variance falls
below a variance threshold corresponding to the stability
criterion, if the standard deviation falls below a reference
deviation, if the root-mean-square falls below a reference
value, if the amplitude during a prescribed period falls
below a reference value, or if the number of times that
the angular acceleration A enters a prescribed range dur-
ing a prescribed period falls below a reference value, the
controller 8 determines that the variation in the angular
acceleration A satisfies the prescribed stability criterion.
[0021] If it is determined that the variation in the angular
acceleration A satisfies the prescribed stability criterion
(S4: Yes), the controller 8 carries out the process of Step
S5. If it is determined that the variation in the angular
acceleration A does not satisfy the prescribed stability
criterion (S4: No), the controller 8 carries out the process
of Step S6.
[0022] In Step S5, because the variation in the angular
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acceleration A satisfies the prescribed stability criterion,
the noise caused by vehicle travel is low and thus the
driver is likely to notice the sound generated as the sound
generation device 12 is driven. Thus, in order for the
sound generated by the sound generation device 12 not
to discomfort to the driver, the controller 8 controls the
sound generation device 12 so as to decrease the volume
of the generated noise. For example, the controller 8
stops the engine 1 or reduces the rotational speed of the
air conditioner 121 and the fan 122. This is because, in
the first stage of Step S5, the variation in the angular
acceleration A satisfies the prescribed stability criterion
(S4: Yes), the controller 8 can determine that the sound
made by the contact between the wheels 7 and the road
surface is relatively low, and that a small amount of noise
is caused by travel of the vehicle 100.
[0023] In Step S6, because the variation in the angular
acceleration A does not satisfy the prescribed stability
criterion, the noise caused by vehicle travel is loud, and
thus the driver is less likely to notice the sound generated
as the sound generation device 12 is driven. Thus, since
it is not likely that the sound generated by the sound
generation device 12 will cause discomfort to the driver,
the controller 8 controls the sound generation device 12
so as to increase the volume of the generated noise. For
example, the controller 8 drives the engine 1 to charge
the battery 3, increase the drive level of the air conditioner
121, increase the rotational speed of the fan 122, etc.
This is because, in the first stage of Step S6, the variation
in the angular acceleration A does not satisfy the pre-
scribed stability criterion (S4: No), the controller 8 can
determine that the sound made by the contact between
the wheels 7 and the road surface is relatively loud, and
that a large amount of noise is caused by travel of the
vehicle 100.
[0024] By means of such control, for example, in the
case that the temperature and air volume settings of the
air conditioner 121 are set to auto, the controller 8 can
raise the drive level of the air conditioner 121 to bring the
interior temperature more quickly to the preset temper-
ature. By means of such control, even if the drive level
of the air conditioner 121 is high and the generated sound
is loud, the driver is not likely to notice the sound, so that
it is possible to bring the interior temperature more quickly
to the preset temperature without causing discomfort. In
this manner, it is possible to shorten the cooling time in
the cabin during the summer and to shorten the heating
time in the cabin during the winter, in a state in which
noise during operation of the air conditioner is made less
noticeable.
[0025] In addition, in a case in which the fan 122 is
used for cooling a high-current system, the controller 8
increases the rotational speed of the fan 122. As a result,
during the summer, the cooling time of the battery 3 be-
comes short so that the output is less likely to be limited,
and it becomes possible to prevent deterioration of the
high-current system. During the winter, the warm-up time
of the battery 3 becomes short so that the output is less

likely to be limited, and, because the internal resistance
decreases, it becomes possible to improve the operating
efficiency.
[0026] Figure 3 is a timing chart showing temporal
changes in the states of the vehicle 100, such as the
angular acceleration A and the angular velocity w of the
wheels 7, as well as the moving variance of the angular
acceleration A. In Figure 3, an example is shown in which
the state of the road surface on which the vehicle 100
travels is good (Figure 3 (A1)-(A3)), and an example in
which the state of the road surface is poor is shown on
the right side of the figure (Figure 3 (B1)-(B3)). In addition,
from the top to the bottom of the figure, (A1, B1) show
the angular velocity ω, (A2, B2) show the angular accel-
eration A, and (A3, C3) show the moving variance of the
angular acceleration A.
[0027] As shown in Figure 3 (A1) and Figure 3 (B1), it
is difficult to distinguish the difference in the amount of
change in the angular velocity w on both rough and good
roads. However, as shown in Figure 3 (A2) and Figure 3
(B2), with respect to the angular acceleration A obtained
by differentiating the angular velocity ω, in the case of
rough roads, there are uneven portions of the road sur-
face on which the vehicle travels, and the angular velocity
w of the wheels 7 increases and decreases as the wheels
7 pass over the convex portions thereof. However, as
shown in Figure 3 (A1) and Figure 3 (B1), the amount of
change in the angular velocity w is small on both rough
and good roads, so that it is difficult to distinguish the
difference between the two. Thus, as shown in Figure 3
(A3) and Figure 3 (B3), the controller 8 obtains the moving
variance of the angular acceleration A. Because the mov-
ing variance exceeds the variance threshold correspond-
ing to the stability criterion, it can be determined that the
noise in the vehicle 100 caused by vehicle travel is loud.
[0028] In addition, an example in which the controller
8 controls the rotational speed (air volume) of the fan 122
and the air conditioner 121 was described as the above-
described embodiment, but the invention is not limited
thereto. The controller 8 may change the rotational speed
of the engine 1 during idling. For example, if it is deter-
mined that the variation in the angular acceleration A
satisfies the prescribed stability criterion (S4: Yes), the
controller 8 determines that the noise caused by vehicle
travel is low and reduces the rotational speed of the en-
gine 1 during sailing idling, in which the vehicle enters
an idling state during travel. On the other hand, if it is
determined that the variation in the angular acceleration
A does not satisfy the prescribed stability criterion (S4:
No), the controller 8 determines that the noise caused
by vehicle travel is loud and increases the rotational
speed of the engine 1 during sailing idling. By the above-
described configuration, it is possible to suppress the
amount of fuel consumption without causing discomfort
due to engine noise during sailing idling, when noise
caused by vehicle travel is loud.
[0029] In general, the lower the rotational speed of the
engine 1 during idling, the lower will be the fuel consump-
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tion, but noise generated due to resonance with the ve-
hicle body increases. Thus, when the noise in the vehicle
100 caused by vehicle travel is loud, even if the rotational
speed of the engine 1 during idling is reduced, the noise
caused by idling becomes less noticeable to the driver,
so that it is possible to improve fuel consumption without
causing discomfort.
[0030] There are cases in which a torque converter,
which is a fluid coupling, is provided at a connecting por-
tion between the engine 1 and the generator 2. When
the rotational speed of the engine 1 rises to a prescribed
speed, the engine 1 and the generator 2 are locked up,
and the engine 1 transmits torque to the generator 2. In
general, in order to efficiently transmit the driving force
of the engine 1, entering a lockup state in a state in which
the rotational speed of the engine 1 is lower is preferable.
However, if the lockup state is entered in a state in which
the rotational speed of the engine 1 is low, torque fluctu-
ations of the engine 1 are transmitted without being ab-
sorbed, thereby increasing the vibration and noise that
are generated in the vehicle 100. However, when the
noise caused by the engine 1 is relatively large, even if
it enters the lockup state in a state in which the rotational
speed of the engine 1 is lower, noise caused by the lockup
is not easily noticeable to the driver.
[0031] Thus, if it is determined that the variation in the
angular acceleration A satisfies the prescribed stability
criterion (S4: Yes), the controller 8 brings about the lock-
up state in a state in which the rotational speed of the
engine 1 is relatively high. On the other hand, if it is de-
termined that the variation in the angular acceleration A
does not satisfy the prescribed stability criterion (S4: No),
the controller 8 brings about the lockup state in a state
in which the rotational speed of the engine 1 is relatively
low.
[0032] In addition, the controller 8 may change the
torque output of the engine 1 at the time of warm-up,
when the engine 1 is driven. For example, if it is deter-
mined that the variation in the angular acceleration A
satisfies the prescribed stability criterion (S4: Yes), the
controller 8 reduces the torque of the engine 1 at the time
of warm-up. On the other hand, if it is determined that
the variation in the angular acceleration A does not satisfy
the prescribed stability criterion (S4: No), the controller
8 increases the torque of the engine 1 at the time of warm-
up.
[0033] By means of the first embodiment, the following
effects can be achieved.
[0034] A large portion of the noise that is generated in
the vehicle 100 during travel is caused by the sound made
by the contact between the wheels 7 and the road sur-
face. That is, when there is little change in the speed of
the vehicle 100, there is a small amount of noise made
by the contact between the wheels 7 and the road surface
so that the overall noise is low. On the other hand, when
the speed of the vehicle 100 changes, the sound made
by the contact between the wheels 7 and the road surface
becomes louder.

[0035] According to the method for controlling the ve-
hicle 100 of the first embodiment, if it is determined that
the variation in the angular acceleration A satisfies the
prescribed stability criterion (S4: Yes), the controller 8
determines that the noise caused by travel of the vehicle
100 is low, and controls the sound generation device 12
such that the volume of the generated sound becomes
low (S5). On the other hand, if it is determined that the
variation in the rotational speed does not satisfy the pre-
scribed stability criterion (S4: No), the controller 8 deter-
mines that there is a large amount of noise caused by
vehicle travel and controls the sound generation device
12 such that the volume becomes high (S6).
[0036] In this manner, when the sound generated in
the vehicle 100 caused by travel is relatively loud, if the
sound generated by the sound generation device 12 is
increased, it becomes difficult for a person in the vehicle
cabin to notice, and thus hear, the sound generated by
the sound generation device 12. As a result, it is possible
to suppress a deterioration on occupant comfort and to
operate the sound generation device 12 with a high load,
thereby improving the driving performance of the vehicle
100. When there is little noise caused by vehicle travel,
the sound generation device 12 is controlled such that
the noise caused by the sound generation device 12 is
low, so that it is possible to maintain quiet within the ve-
hicle cabin. In this manner, it is possible to improve com-
fort inside the vehicle cabin.
[0037] In addition, in contrast to a case in which a sen-
sor is provided on the vehicle body side with respect to
a suspension provided between the wheels 7 and the
vehicle body, the state of the wheels 7, which are the
source of road noise, is directly observed by means of
the wheel speed sensor 11, and the presence/absence
of noise generation is determined based on the obser-
vation result. In this manner, because it is possible to
directly observe the state of the wheels 7, rather than the
suspension, or the like, in the case of the wheels 7 pass-
ing over a road with undulations, it becomes easy to de-
tect the state of the wheels 7 that pass over the undula-
tions, and it is thereby possible to determine the pres-
ence/absence of generation of noise that is generated
due to contact between the wheels 7 and the road sur-
face.
[0038] According to the method for controlling the ve-
hicle 100 of the first embodiment, the amplitude of the
angular acceleration A can be used as a parameter in-
dicating the variation in the angular acceleration A. In the
case that the amplitude of the angular acceleration A is
smaller than an amplitude threshold indicating a pre-
scribed stability criterion (S4: Yes), the controller 8 de-
termines that the noise caused by vehicle travel is low,
and controls the sound generation device 12 such that
the volume of the generated sound becomes low (S5).
On the other hand, in the case that the amplitude of the
angular acceleration A is larger than the threshold (S4:
No), the controller 8 determines that there is a large
amount of noise caused by vehicle travel, and controls
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the sound generation device 12 such that the volume of
the generated sound becomes high (S6). By the above-
described configuration, because the sound generation
device 12 can be controlled in accordance with the mag-
nitude of the noise generated in the vehicle 100 caused
by travel, it is possible increase the drive level of the
sound generation device 12 while suppressing a deteri-
oration in occupant comfort within the vehicle cabin.
[0039] According to the method for controlling the ve-
hicle 100 of the first embodiment, the variance in the an-
gular acceleration A can be used as a parameter indicat-
ing the variation in the angular acceleration A. In addition
to a case in which the sound generation device 12 is
controlled in accordance with prescribed conditions, in
the case that the variance of the angular acceleration A
is smaller than a threshold indicating a prescribed stabil-
ity criterion (S4: Yes), the controller 8 determines that
the noise caused by vehicle travel is low, and controls
the sound generation device 12 such that the volume of
the generated sound becomes low (S5). On the other
hand, in the case that the variance of the angular accel-
eration A is larger than the threshold (S4: No), the con-
troller 8 determines that the noise caused by vehicle trav-
el is high, and controls the sound generation device 12
such that the volume of the generated sound becomes
high (S6). By the above-described configuration, be-
cause the sound generation device 12 can be controlled
in accordance with the magnitude of the noise generated
in the vehicle 100 caused by vehicle travel, it is possible
increase the drive level of the sound generation device
12 while suppressing a deterioration in occupant comfort
within the vehicle cabin. In addition, because use of the
variance is a common statistical technique, a general-
purpose control method can be used in the controller 8.

(Second Embodiment)

[0040] In the second embodiment, a specific example
of control of the engine 1 when the sound generation
device 12 is the engine 1 will be described.
[0041] Figure 4 is a flowchart illustrating control of the
engine 1 according to the second embodiment. In this
control, compared to the flowchart of the first embodiment
shown in Figure 2, control of Steps S3A, S4A, S5A, and
S6A is carried out in place of Steps S3, S4, S5, and S6.
[0042] In Step S3A, the controller 8 obtains the vari-
ance of the angular acceleration A obtained in Step S2.
[0043] In Step S4A, the controller 8 determines wheth-
er the variance obtained in Step S3A is smaller than a
variance threshold corresponding to the stability criteri-
on. Then, if the variance obtained in Step S3A is smaller
than the variance threshold (S4A: Yes), the controller 8
determines that the noise caused by vehicle travel is low
and proceeds to the process of Step S5A. If the variance
is not smaller than the variance threshold, the controller
8 determines that there is a large amount of noise caused
by vehicle travel (S4B: Yes) and proceeds to the process
of Step S6A.

[0044] In Step S5A, the controller 8 stops the engine
1. By means of this control, the sound of the engine 1
will not be heard.
[0045] In Step S6A, the controller 8 drives the engine
1 to charge the battery 3 with the electrical power gen-
erated by the generator 2. Engine sound is generated by
the driving of the engine 1.
[0046] In this control, if little noise is caused by vehicle
travel, the engine 1 is not driven so that no engine sound
is generated, and it is thus possible to maintain quiet
inside the vehicle cabin. On the other hand, if the noise
caused by vehicle travel is high, the engine 1 can be
driven to charge the battery 3, but the vehicle travel sound
is loud and the driver is less likely to notice the engine
sound, so that even if charging by means of the engine
1 is carried out, the battery 3 can be charged without
causing discomfort.
[0047] By means of the second embodiment, the fol-
lowing effects can be achieved.
[0048] According to the method for controlling the ve-
hicle 100 of the second embodiment, if the variance of
the angular acceleration A falls below the variance
threshold (S4A: Yes), the controller 8 determines that the
noise caused by vehicle travel is low, and stops the en-
gine 1 (S5A). On the other hand, if the variance of the
angular acceleration A exceeds the variance threshold
(S4A: No), the controller 8 determines that there is a large
amount of noise caused by vehicle travel and drives the
engine 1 (S6A).
[0049] By the above-described configuration, when
there is a relatively large amount of noise caused by ve-
hicle travel, the engine 1 is driven and the battery 3 is
charged. As a result, because it becomes difficult for the
driver of the vehicle 100 to hear the sound of the engine
1 due to the noise caused by travel of the vehicle 100, it
is possible to extend the travelable distance of the vehicle
100 while maintaining the comfort of the driver of the
vehicle 100. On the other hand, when there is relatively
little noise caused by vehicle travel, the engine 1 is
stopped. As a result, because the sound of the engine 1
stops, it is possible to maintain quiet within the cabin of
the vehicle 100. In this manner, it is possible to improve
the comfort of the driver of the vehicle 100.

(Third Embodiment)

[0050] In the third embodiment, another example of a
control of the engine 1 when the sound generation device
12 is the engine 1 will be described.
[0051] Figure 5 is a flowchart illustrating control of the
engine 1 according to the third embodiment. In this con-
trol, compared to the flowchart of the second embodiment
shown in Figure 4, control of Step S5B is carried out in
place of Step S5A, and control of Step S6B is carried out
in place of Step S6A.
[0052] In Step S5B, the controller 8 controls the engine
1 to decrease the rotational speed so that the generated
engine sound becomes smaller, or, to not change the
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driving state of the engine 1. As a result, when a control
is carried out so as to reduce the engine sound, the elec-
trical power generated by the generator 2 is reduced and
the engine sound of the engine 1 decreases. In addition,
if the driving state of the engine 1 is not changed, the
engine sound does not change.
[0053] In Step S6B, the controller 8 controls the engine
1 such that the rotational speed increases. As a result,
the electrical power generated by the generator 2 is in-
creased and the engine sound of the engine 1 increases.
In this control of the engine 1, the controller 8 increases
the rotational speed so as to improve the operating effi-
ciency of the engine 1.
[0054] Figure 6 is a diagram illustrating operation re-
gions corresponding to the operating point of the engine
1. This figure is used in the above-described process of
Step S6B.
[0055] In this figure, the x axis represents the rotational
speed of the engine 1 and the y axis represents the en-
gine torque. The operating points at which the operating
efficiency of the engine 1 are equal are indicated by an
ellipse, and the operating efficiency becomes the highest
level when the operating point is inside the ellipse indicted
by the thick line. In addition, the dotted line indicates
where the operation points at which the fuel consumption
becomes lowest as the optimum fuel economy line.
[0056] Here, in Step S6B, the controller 8 changes the
torque and rotational speed of the engine 1 so as to pass
through the optimum fuel economy line shown in Figure
6. At the same time, if the operating point of the engine
1 is in a maximum efficiency region, the controller 8 car-
ries out a control so as not to change the rotational speed
of the engine 1. However, when the SOC of the battery
3 is small, or the like, the engine 1 may be controlled at
a higher rotational speed exceeding the maximum effi-
ciency region. By the above-described configuration, the
rotational speed of the engine 1 can be controlled by
taking into consideration fuel consumption and efficien-
cy.
[0057] Figure 7 is a time timing chart showing the state
of the engine 1 in the present embodiment; in this figure,
(A) the angular velocity ω, (B) the angular acceleration
A, and (C) the volume inside the cabin of the vehicle 100
are shown in order from the top. At the bottom, noise
caused by traveling (background sound) is indicated by
the dashed-dotted line. In addition, the engine sound of
the engine 1 in the case that the control of the present
embodiment is carried out is indicated by the solid line,
and in the case of a comparative example in which the
rotational speed of the engine 1 is not changed is indi-
cated by the dotted line.
[0058] As shown at the top, (A) the angular velocity w
changes in accordance with an accelerator or braking
operation. Then, it is assumed that the variation in (B)
the angular acceleration A does not satisfy the stability
criterion in time t1-t2. In such a case, as shown in (C)
cabin sound, the engine sound changes over time. In
contrast, in the comparative example in which the vehicle

100 is running stably and the angular velocity ω and the
angular acceleration A are constant, the engine sound
essentially does not change over the entire time.
[0059] Because the background sound shown in (C)
cabin sound is noise caused by traveling, it changes in
accordance with the angular velocity ω and the angular
acceleration A. At time t1-t2, the engine sound is smaller
than the background sound in the comparative example,
it is not very audible for the driver, thereby maintaining
comfort. In contrast, in the present embodiment, because
the engine sound is lower than the background sound,
so that the engine sound is similarly not very audible for
the driver, and comfort can be maintained. In this manner,
in the present embodiment, it is possible to increase the
driving opportunities of the engine 1, thereby increasing
the charging amount of the battery 3, while maintaining
a similar comfort as in the comparative example.
[0060] By means of the third embodiment, the following
effects can be achieved.
[0061] According to the method for controlling the ve-
hicle 100 of the third embodiment, if the variance of the
angular acceleration A is smaller than the variance
threshold (S4A: Yes), the controller 8 determines that the
noise caused by vehicle travel is low, and reduces the
rotational speed of the engine 1 (S5B). On the other hand,
if the variance of the angular acceleration A is not smaller
than the variance threshold (S4A: No), the controller 8
determines that the noise caused by vehicle travel is high,
and increases the rotational speed of the engine 1 (S6B).
When increasing the rotational speed of the engine 1,
the controller 8 carries out a control to optimize the op-
erating efficiency of the engine 1.
[0062] By the above-described configuration, when the
noise caused by traveling is relatively small, the rotational
speed of the engine 1 is low and the engine sound is
small, so that the battery 3 can be somewhat charged
while maintaining comfort. When the noise caused by
traveling is relatively large, the engine sound not easily
heard even if the drive level of the engine 1 is increased,
so that comfort can be maintained, and the rotational
speed of the engine 1 is increased, thereby increasing
the amount of charge of the battery 3. In addition, when
the rotational speed of the engine 1 is increased, a control
is carried out to optimize the operating efficiency of the
engine 1, and it is thereby possible to improve fuel effi-
ciency.

(Fourth Embodiment)

[0063] In the fourth embodiment, an example of con-
trolling the engine 1 in two stages when the sound gen-
eration device 12 is the engine 1 will be described. This
control is carried out in a first stage for controlling driv-
ing/stopping of the engine 1, and a second stage for con-
trolling high/low of the rotational speed of the engine 1.
[0064] Figure 8 is a diagram illustrating control of the
engine 1 in the according to the fourth embodiment. In
this control, control of Steps S41C, S42C is carried out
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in place of Step S4, control of Step S5C is carried out in
place of Step S5, and control of Steps S61C, S62C is
carried out in place of Step S6.
[0065] In Step S41C, the controller 8 determines
whether the variance of the angular acceleration A of the
engine 1 falls below a first threshold. Here, the first
threshold is a threshold for determining the control of the
first stage for controlling driving/stopping of the engine
1. If the variance of the angular acceleration A falls below
the first threshold (S41C: Yes), the controller 8 carries
out the process of Step S5C. If the variance of the angular
acceleration A does not fall below the first threshold
(S41C: No), the controller 8 carries out the process of
Step S42C.
[0066] In Step S42C, the controller 8 determines
whether the variance of the angular acceleration A falls
below a second threshold, which is greater than the first
threshold. Here, the second threshold is a threshold for
determining control of the second stage for controlling
high/low of the rotational speed of the engine 1. If the
variance of the angular acceleration A falls below the
second threshold (S42C: Yes), the controller 8 carries
out the process of Step S61C. If the variance of the an-
gular acceleration A does not fall below the second
threshold (S42C: No), the controller 8 carries out the
process of Step S62C.
[0067] In Step S5C, the controller 8 stops the engine
1. As a result, the sound of the engine 1 stops.
[0068] In Step S61C, the controller 8 drives the engine
1 at a first rotational speed. As a result, the sound of the
engine 1 is generated.
[0069] In Step S62C, the controller 8 drives the engine
1 at a second rotational speed, which is higher than the
first rotational speed. As a result, an engine sound that
is louder than that of Step S61C is generated by the en-
gine 1.
[0070] Figure 9 is a time chart illustrating changes in
the states of the vehicle 100 in the present embodiment.
In the figure, from the top down, (A) shows the angular
velocity ω, (B) the SOC of the battery 3, (C) the rotational
speed of the engine 1, (D) the angular acceleration A,
(E) the variance value of the angular acceleration A, and
(F) the noise inside the vehicle cabin. In regard to the
noise inside the vehicle cabin shown at (F), the travel
sound corresponding to the rotational speed of the en-
gine 1 is indicated by the dashed-dotted line.
[0071] From time t0 to t1, (A) the angular velocity w
changes and (B) the SOC changes in accordance with
the operating control. When (A) the angular velocity w is
decreasing, regenerative braking of the motor 4 is carried
out, so that the battery 3 is charged. Thus, immediately
before time t1, (B) the SOC increases. Further, in this
section, the vehicle 100 is traveling over a relatively good
road surface and (D) the angular acceleration A is not
changing significantly, so that (E) the variance value falls
below a first threshold Th1. Thus, the engine 1 is not
being driven, and (C) the engine rotational speed be-
comes 0.

[0072] At time t1, when the vehicle 100 starts to travel
over a relatively rough road surface and the (E) variance
value exceeds the first threshold Th1, the engine 1 is
rotated at the first rotational speed so that the (C) engine
rotational speed is increased to a first level. Then, be-
cause the generator 2 starts power generation by means
of the driving of the engine 1, the (B) SOC starts to in-
crease.
[0073] At time t2, when the road surface becomes
rougher and the (E) variance value exceeds a second
threshold Th2, the rotational speed of the engine 1 is
increased, and when it is rotated at a second rotational
speed, which is higher than the first rotational speed, the
(C) engine rotational speed further increases to a second
level. In such a state, because the power generation
amount increases, (B) the SOC continues to increase.
[0074] At time t3, when the road surface becomes rel-
atively smooth and (E) the variance value falls below the
second threshold Th2, the rotational speed of the engine
1 is decreased, and when it is rotated at the first rotational
speed, the (C) engine rotational speed drops to the first
level. In this state, the power generation amount decreas-
es but (B) the SOC continues to increase.
[0075] At time t4, when the road surface becomes
smoother and (E) the variance value falls below the first
threshold Th1, the engine 1 is stopped so that (C) the
engine rotational speed becomes zero. In this state, the
power generation of the generator 2 stops but (A) the
angular velocity w is decreasing and regenerative brak-
ing of the motor 4 is being carried out, so that (B) the
SOC continues to increase.
[0076] Then, after (A) the angular velocity ω becomes
zero, at time t5, the vehicle 100 accelerates, and when
(A) the angular velocity ω becomes large, (B) the SOC
starts to decrease.
[0077] When such a control is carried out, referring to
the changes in (F) the cabin sound, noise caused by ve-
hicle travel (travel sound) generally changes in accord-
ance with (E) the variance value. Then, in the present
embodiment, the rotational speed of the engine 1 is con-
trolled in two stages in accordance with the magnitude
of (E) the variance value, thereby making the engine
sound lower than the travel sound at all time periods.
[0078] The comparative example will be described
next. In the comparative example, it is assumed that the
controller 8 carries out the control shown in Figure 10.
[0079] Figure 10 is a flowchart illustrating control of the
engine 1 according to the comparative example. In the
comparative example, the controller 8 controls the engine
1 in accordance with the SOC of the battery 3.
[0080] In Step S101, the controller 8 determines
whether the SOC of the battery 3 is smaller than a charge
start threshold, which is a reference for starting charging.
[0081] If the SOC is smaller than the charge start
threshold (S101: Yes), the controller 8 then proceeds to
Step S103. On the other hand, if the SOC is not smaller
than the charge start threshold (S101: No), the controller
8 then proceeds to Step S102.
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[0082] In Step S102, the controller 8 determines
whether the SOC is greater than or equal to a charge
stop threshold, which is a reference for stopping charg-
ing.
[0083] If the SOC is greater than or equal to the charge
stop threshold (S102: Yes), the controller 8 then pro-
ceeds to Step S103. On the other hand, if the SOC is
smaller than the charge stop threshold (S102: No), the
controller 8 then proceeds to Step S105.
[0084] In Steps S103 and S105, the controller 8 drives
the engine 1. The generator 2 is thereby operated and
the battery 3 is charged.
[0085] In Step S104, the controller 8 stops the engine
1. The charging of the battery 3 is thereby stopped.
[0086] Figure 11 is a time chart illustrating states of the
vehicle 100 according to the comparative example. In
this figure, as in Figure 9, from the top down, (A) shows
the angular velocity ω, (B) the SOC of the battery 3, (C)
the rotational speed of the engine 1, (D) the vertical vi-
bration, (E) the variance of the angular acceleration A,
and (F) the noise inside the vehicle cabin. In regard to
the noise inside the vehicle cabin shown at (F), the travel
sound corresponding to the rotational speed is indicated
by the dashed-dotted line.
[0087] In the comparative example, (D) the vertical vi-
bration is acquired by an acceleration sensor attached
to the vehicle body. Because there is a suspension sys-
tem between the wheels 7 and the vehicle body, the ac-
celeration sensor cannot directly observe the vertical vi-
bration of the wheels 7, and (D) the vertical vibration does
not change significantly at all times.
[0088] At time t0, because the engine 1 is being driven,
(C) the engine rotational speed becomes a prescribed
level and (B) the SOC increases.
[0089] When (B) the SOC reaches the charge stop
threshold Thb at time ta, the engine 1 stops, so that (C)
the rotational speed of the engine 1 becomes zero. As a
result, (B) the SOC starts to decrease.
[0090] When (B) the SOC becomes smaller than the
charge start threshold Tha at time tb, the engine 1 starts
to be driven, so that (C) the rotational speed of the engine
1 becomes the first level. (B) the SOC thereby starts to
increase thereafter.
[0091] When (B) the SOC reaches the charge stop
threshold Thb again at time tc, the engine 1 stops, so
that (C) the rotational speed of the engine 1 becomes
zero.(B) the SOC thereby decreases thereafter.
[0092] When such control is carried out, in regard to
(F) the cabin sound, there is no correlation between the
noise caused by vehicle travel (travel sound) and the
engine sound that is generated in the vehicle cabin as
the engine 1 is driven. As a result, because the engine
sound exceeds the travel sound during some time peri-
ods, a person in the vehicle cabin may consider the en-
gine sound to be unpleasant.
[0093] On the other hand, in the fourth embodiment,
two threshold value to be compared with the angular ac-
celeration A are provided in order to carry out switching

of the rotational speed of the engine 1 in two stages,
thereby making it possible to further bring the magnitude
of the engine sound closer to that of the travel sound. As
a result, it is possible to increase the driving opportunities
of the engine 1, so that the amount of charge of the battery
3 can be increased.

(Fifth Embodiment)

[0094] In the fifth embodiment, an example in which
the controller 8 changes the threshold value used for de-
termining stopping/driving of the engine 1 will be de-
scribed. In the present embodiment, when the SOC is
relatively high and the need to charge is low, driving the
engine 1 is made difficult, and when the SOC is relatively
low and the need to charge is low, driving the engine 1
is made easier.
[0095] In the fifth embodiment, it is assumed that the
engine 1 is controlled as shown in Figures 12 and 13.
The flowchart shown in the latter Figure 13 is the same
as the flowchart of the second embodiment shown in Fig-
ure 4.
[0096] In the flowchart shown in the former Figure 12,
a variance threshold corresponding to the stability crite-
rion used for the determination of Step S4A is determined
in accordance with the SOC of the battery 3.
[0097] Here, Figure 14 shows the variance threshold
corresponding to the stability criterion. As shown in this
figure, the variance threshold is determined in accord-
ance with the vehicle speed. In this example, the variance
threshold is composed of a low-speed region and a high-
speed region. In the low-speed region, the variance
threshold decreases as the vehicle speed increases. In
the high-speed region, the variance threshold increases
as the vehicle speed increases.
[0098] In the high-speed region, because the noise
generated in the vehicle 100 increases as the vehicle
speed increases, the variance threshold is increased as
the vehicle speed increases. In the low-speed region, if
the vehicle speed is low, noise caused by vehicle travel
tends to be significantly reduced, the variance threshold
is increased as the vehicle speed decreases.
[0099] Referring to Figure 12 again, in Step S121, the
controller 8 determines whether the SOC is greater than
a third threshold Th3. The third threshold Th3 is a value
at which it can be determined that the SOC of the battery
3 is sufficiently high and the need to charge is low. If the
SOC is higher than the third threshold Th3 (S121: Yes),
the controller 8 determines that the need to charge the
battery 3 is low and carries out the process of Step S122.
If the SOC is not higher than the third threshold Th3
(S121: No), the controller 8 carries out the process of
Step S123.
[0100] In Step S122, as shown in Figure 15 the con-
troller 8 adds an offset value to the variance threshold,
thereby changing the variance threshold to a higher val-
ue. If the SOC exceeds an appropriate upper limit value
(S121: Yes), because the SOC is high and the need to
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charge the battery 3 is low, a correction to increase the
threshold is carried out. Therefore, the variance tends to
become smaller than the variance threshold in the proc-
ess of the subsequent Step S4A (S4A: Yes) the engine
1 stops more easily (S5A), so that an increase in the SOC
is suppressed.
[0101] In Step S123, the controller 8 determines
whether the SOC is below a fourth threshold Th4. The
fourth threshold Th4 is a value at which it can be deter-
mined that the SOC of the battery 3 is relatively low and
that the need to charge is high. Then, if the SOC is below
the fourth threshold Th4 (S122: Yes), the controller 8
determines that the need to charge the battery 3 is high
and carries out the process of the subsequent Step S124.
If the SOC does not exceed the fourth threshold Th4
(S122: No), the controller 8 carries out the process of
Step S125.
[0102] In Step S124, as shown in Figure 15, the con-
troller 8 subtracts an offset value from the variance
threshold, thereby changing the variance threshold to a
smaller value. If the SOC is below an appropriate lower
limit value (S123: Yes), because the SOC is low and the
need to charge the battery 3 is high, a correction to reduce
the threshold is carried out in this manner. As a result,
the variance is less likely to become smaller than the
variance threshold in the process of Step S4A (S4A: No)
and the engine 1 is more easily driven (S6A), so that an
increase in the SOC is promoted.
[0103] In Step S124, the controller 8 uses the reference
value shown in Figure 15 as the threshold value, thereby
not correcting the variance threshold. By means of such
a control, since the need to charge differs depending on
the remaining charge on the battery 3, the engine 1 can
be more appropriately driven and stopped.
[0104] In the present embodiment, the variance
threshold is changed in accordance with the SOC of the
battery 3, but the invention is not limited thereto. For ex-
ample, if the time during which the variance falls below
the variance threshold is long, the driver may experience
discomfort if the engine 1 is not driven for a long period
of time, so that the variance threshold may be reduced
to make the engine 1 more easily driven. On the other
hand, if the variance frequently exceeds the variance
threshold, the driver may experience discomfort if the
engine 1 is driven frequently, so that the variance thresh-
old may be increased to make driving the engine 1 more
difficult.
[0105] By this configuration, it is possible to prevent a
deterioration in fuel economy due to the engine 1, which
is the noise source, continuing to consume energy, and,
in a case in which the engine 1 remains inactive, it is
possible to suppress a lack of warm-up or energy for
travel in the battery 3. Thus, repercussions on other as-
pects of performance can be prevented. It is also possible
to suppress the occurrence of discomfort to the driver.
[0106] By the fifth embodiment, the following effects
can be achieved.
[0107] According to the fifth embodiment, if the SOC

of the battery 3 exceeds the third threshold Th3, indicat-
ing that the amount of charge is sufficient (S121: Yes),
because the need to charge the battery 3 is low, the con-
troller 8 increases the variance threshold to raise the cri-
terion for stability (S122). By the above-described con-
figuration, the engine 1 can be easily stopped, so that
the fuel economy can be improved. On the other hand,
if the charge on the battery 3 is below the fourth threshold
Th4, indicating that the SOC is relatively low (S124: Yes),
because the need to charge the battery 3 is high, the
controller 8 decreases the variance threshold to relax the
criterion for stability (S122). By the above-described con-
figuration, the engine 1 can be easily driven, so that the
battery 3 can be prevented from becoming empty.

(Sixth Embodiment)

[0108] In the fifth embodiment, the variance threshold
is changed in accordance with the SOC of the battery 3,
but the invention is not limited thereto. For example, the
variance threshold may be changed in accordance with
the vehicle speed and the amount of operation of the
steering wheel. For this reason, a sensor is provided on
the steering wheel, and the controller 8 receives input of
the operation amount from said sensor.
[0109] Figure 16 is a flowchart illustrating control of the
engine 1 according to the sixth embodiment. As shown
in this figure, the basic flowchart is the same as the flow-
chart of the second embodiment shown in Figure 4, but
differs in that the process of Step S161 is carried out
between Steps S3A and S4A.
[0110] In Step S161, the controller 8, referencing the
table shown in Figure 16, sets a correction coefficient in
accordance with the vehicle speed as well as the speed
and angle of the steering wheel and multiplies the vari-
ance calculated in Step S3A by the correction coefficient,
thereby correcting the variance threshold.
[0111] Figure 17 is a table showing correction coeffi-
cients used for the correction in Step S161. In this figure,
the correction coefficients corresponding to the steering
angle (θ) and the steering speed (6/θ) are shown for each
of the vehicle speeds of 20 km/h, 40 km/h, and 60 km/h.
As shown in these graphs, when the steering angle is
zero, or when the steering speed (6/θ) is zero, the cor-
rection coefficient is 1. This indicates that correction is
not necessary when the steering wheel is being operated.
Then, the correction coefficient decreases as the steering
angle increases and the turning radius decreases, or, as
the steering speed increases and the wheel operating
speed increases. That is, if the steering wheel is being
operated, compared to a case in which the steering wheel
is not being operated, the wheels 7 will slip a small
amount, so that the variance of the angular acceleration
A of the wheels 7 tends to become large when the wheels
7 pass over a convexity on an uneven road surface. Thus,
if the steering wheel is being operated, the angular ac-
celeration A can be multiplied by a correction coefficient
less than 1, and thereby appropriately control the engine
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sound generated from the engine 1 in accordance with
the noise caused by travel.
[0112] In addition, in these tables, the correction coef-
ficient decreases as the vehicle speed increases. That
is, regardless of presence/absence of a steering opera-
tion, the variance of the angular acceleration A of the
wheels 7 is more likely to become large when the wheels
7 pass over a convex portion as the travel speed increas-
es, so that the angular acceleration A may be reduced
to make it easy for the engine 1 to be driven.
[0113] Because it is possible to appropriately take into
consideration the noise caused by travel by the above-
described configuration, it is possible to appropriately
control the driving of the engine 1, and thereby increase
the SOC of the battery 3 while maintaining driver comfort.
In the present embodiment, the variance threshold is mul-
tiplied by the correction coefficient, but the variance value
of the angular acceleration A may be multiplied by the
correction coefficient. In that case, unlike in the present
embodiment, the correction coefficient becomes greater
than 1.
[0114] By the sixth embodiment, the following effects
can be achieved.
[0115] According to the sixth embodiment, the noise
generated in accordance with the angular acceleration
A changes in accordance with the operation of the steer-
ing wheel. The noise increases as the steering angle in-
creases and the turning radius decreases, or, as the
steering speed increases and the wheel operating speed
increases. Thus, it is possible to correct the variance val-
ue in accordance with the amount or speed of the oper-
ation of the steering wheel, and thereby adjust the ease
of driving the engine 1 and more appropriately control
the sound generation device 12.

(Modified Example)

[0116] The controller 8 may use parameters other than
the steering wheel and the vehicle speed to correct the
threshold value. For example, parameters that affect the
noise caused by travel, such as the air pressure, type,
or deterioration degree of the tires, the external temper-
ature, the state of the road surface, or the vehicle weight
may be used to correct the threshold value. By the above-
described configuration, it is possible to control the vol-
ume of the sound generated by a sound generation de-
vice, such as the engine 1, more appropriately in accord-
ance with the noise caused by travel.

(Seventh Embodiment)

[0117] In the first to the sixth embodiments, control re-
lating to devices in which noise is generated, such as the
engine 1, the air conditioner 121, the fan 122, or the like,
as the sound generation device 12 was described, but
the invention is not limited thereto. The sound generation
device 12 may generate a notification sound to the driver.
[0118] Figure 18 is a schematic overview of the sev-

enth embodiment.
[0119] According to the figure, the sound generation
device 12 further includes a navigation system 123, an
audio system 124, and a travel sound generator 125. The
navigation system 123 notifies the driver of travel route
guidance. The audio system 124 plays music, etc., se-
lected by the driver. The travel sound generator 125 is a
device that intentionally plays a sound that simulates the
driving sound of the engine 1 in order to notify people
around the vehicle 100 that the vehicle is running, and
is specifically used in the vehicle 100 that is driven by
the motor 4, as in the present embodiment.
[0120] Even in the sound generation device 12 that
generates such a notification sound, by carrying out the
control of the first embodiment shown in Figure 2, when
the variation in the angular acceleration A is small, the
stability criterion is met (S4: Yes), and the noise caused
by vehicle travel is low, the sound generation device 12
is controlled such that the notification sound is at low
volume (S5). On the other hand, if the variation in the
angular acceleration A is large, the stability criterion is
not met (S4: No), and the noise caused by vehicle travel
is high, the sound generation device 12 is controlled such
that the notification sound becomes loud (S6). If the var-
iation in the angular acceleration A is large, the stability
criterion is not met (S4: No), and the noise caused by
vehicle travel is high, the sound generation device 12 is
controlled such that the notification sound of the sound
generation device 12 becomes louder than said noise.
[0121] By the seventh embodiment, the following ef-
fects can be achieved.
[0122] According to the seventh embodiment, control
is carried out such that the required notification sound to
the people around the vehicle 100 or the driver becomes
loud (S6) if the noise is loud (S4: No), and the required
notification sound to the people around the vehicle 100
or the driver is at low volume (S5) if the noise is at low
volume (S4: Yes). By means of the above-described con-
trol, it is possible to transmit the notification sound to the
driver inside the vehicle cabin or to pedestrians in the
vicinity of the vehicle 100 at an appropriate volume rel-
ative to the volume of the noise caused by travel.
[0123] For example, if the sound generated by the
sound generation device 12 is controlled in accordance
with sound collected by a microphone in order to control
the volume inside the vehicle cabin, when loud conver-
sations are taking place inside the cabin, the volume of
the notification sound becomes loud each time a conver-
sation takes place. Thus, by determining the volume of
the noise caused by travel in accordance with the varia-
tion in the angular acceleration A, it is possible to change
the volume of the notification sound in accordance with
mainly the effect of road noise, so that the notification
sound can be controlled to a volume more appropriate
for the people inside the vehicle cabin.
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(Eighth Embodiment)

[0124] In the first to the seventh embodiments, the vol-
ume of the sound generated by the sound generation
device 12 is controlled in accordance with the variation
in the angular acceleration A, but the invention is not
limited thereto. In addition, in the sixth embodiment, the
correction coefficient is changed in accordance with the
vehicle speed, as shown in Figure 17. In the present em-
bodiment, the volume of the sound generated by the
sound generation device 12 may be controlled by means
of another method in accordance with the vehicle speed
(angular velocity ω).
[0125] Figure 19 is a flowchart illustrating control of the
sound generation device 12 according to the present em-
bodiment. In this control, compared to the flowchart of
the first embodiment shown in Figure 2, the determination
of Step S191 is carried out between the processes of
Steps S3 and S4.
[0126] In Step S191, the controller 8 determines
whether the angular velocity ω indicating the rotation
speed of the wheels 7 obtained in Step S2 is below a
prescribed threshold value. Here, the angular velocity ω
is a parameter for determining the speed of the vehicle
100, and the vehicle speed is highly correlated with wind
noise generated by the vehicle body. Thus, by adding a
process corresponding to the angular velocity ω, the
sound generation device 12 can be controlled by taking
into consideration the effects of wind noise, etc.
[0127] If the angular velocity ω is below the threshold
value (S191: Yes), the controller 8 determines that the
occurrence of wind noise is infrequent, and proceeds to
the process of Step S5. If the angular velocity ω is not
below the threshold value (S191: No), the controller 8
determines that the occurrence of wind noise is infre-
quent, and proceeds to the process of Step S6. By the
above-described configuration, a parameter that affects
the vehicle speed, such as the angular velocity ω, is con-
sidered instead of the angular acceleration A, so that the
sound generation device 12 can be controlled in accord-
ance with the volume of the wind noise, which is deter-
mined by the vehicle speed.
[0128] Embodiments of the present invention were de-
scribed above, but the above-described embodiments
illustrate only some of the application examples of the
present invention, and are not intended to limit the tech-
nical scope of the present invention to the specific con-
figurations of the above-described embodiments.

Claims

1. A method for controlling a vehicle provided with a
wheel, a sensor that acquires the rotation speed of
the wheel, and a sound generation device that gen-
erates sound as the sound generation device is driv-
en, comprising:

obtaining angular acceleration of the wheel from
the rotation speed acquired by the sensor; and
controlling the sound generation device such
that the sound that is generated becomes louder
when conditions are met,
the conditions including cases in which the an-
gular acceleration is high in the conditions.

2. The vehicle control method according to claim 1,
wherein
a case in which the amplitude of the angular accel-
eration exceeds an amplitude threshold is included
in the conditions.

3. The vehicle control method according to claim 1 or
2, wherein
a case in which a variance of the angular acceleration
exceeds a variance threshold is included in the con-
ditions.

4. The vehicle control method according to any one of
claims 1 to 3, wherein

the vehicle further comprises
a motor for driving the wheel,
a battery for supplying electrical power to the
motor,
a generator for generating electrical power and
changing the generated electrical power to the
battery, and
an engine for rotationally driving the generator,
the sound generation device is the engine, and
the engine is controlled such that the engine ro-
tational speed becomes high when the condi-
tions are met.

5. The vehicle control method according to claim 4,
wherein

the engine is driven if engine driving conditions
are met, and
the engine driving conditions include cases in
which the variation in the angular acceleration
is high.

6. The vehicle control method according to claim 4,
wherein
the engine is controlled such that the engine rota-
tional speed becomes high while a state in which the
operating efficiency of the engine becomes optimal
is maintained.

7. The vehicle control method according to claim 4 or
6, wherein
when the battery state of charge is high, the angular
acceleration when included in the conditions is larger
as compared with a case in which the battery state
of charge is low.
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8. The vehicle control method according to any one of
claims 1 to 3, wherein
the sound generation device is a device that gener-
ates a notification sound to people inside and/or out-
side of the vehicle.

9. The vehicle control method according to any one of
claims 1 to 8, wherein
the conditions are further changed in accordance
with a parameter that affects the magnitude of noise
caused by travel.

10. The vehicle control method according to any one of
claims 1 to 9, wherein

the vehicle has a steering wheel used for oper-
ating the wheel, and
the angular acceleration is further corrected to
be small when the operation amount of the steer-
ing wheel is large.

11. A device for controlling a vehicle provided with a
wheel, a sensor that acquires the rotation speed of
the wheel, and a sound generation device that gen-
erates sound as the sound generation device is driv-
en, wherein

the controller
obtains the angular acceleration of the wheel
from the rotation speed acquired by the sensor,
controls the sound generation device such that
the generated sound becomes louder when con-
ditions are met, and
cases in which the angular acceleration is high
are included in the conditions.
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